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Abstract 
As the sophistication of technology has increased, so has public demand for quality. 
This expectation of quality has occurred across a broad range of products and 
systems, including education. To meet the demand for quality, many products and 
systems (including educational ones) have become increasingly complex. Within 
education there are also other factors which have driven up levels of complexity. 
These factors include increased diversity in the student body, a greater emphasis on 
collaboration and the drive to replace simple “delivery models” of teaching. It is well 
known from other fields, though, that as systems become more complex, they become 
more vulnerable to failure. For this reason, a formalised methodology known as 
“systems engineering” is often applied in industry to the management of large 
systems. The author argues that the use of systems engineering concepts in education 
would be likely to reduce failure rates and improve quality. This is particularly so in 
large-scale complex learning systems. The paper also discusses some implications of 
trying to use systems engineering methodology in modern educational systems.  
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1. Introduction 
Educational systems, like most practical systems, are usually “non-linear”. That is, 
they are more than simply the sum of their component parts. In such non-linear 
systems, behaviour is not only determined by the individual behaviour of the parts, 
but also by the “interaction” of the parts. As systems scale up in size and have more 
and more component parts, the “interaction effects” can make behaviour more and 
more difficult to predict. The contention of this paper is that the behaviour of modern 
learning systems (which can have many component parts) cannot always be reliably 
predicted from intuition or even from evidence based on the performance of 
component parts. For this reason, modern educational systems should be designed, 
implemented and maintained in very systematic ways which perform careful 
monitoring and adjust for any unexpected behaviour. More specifically, modern 
educational systems should make heavy use of “Systems Engineering” which has 
evolved as a discipline to be able to deal with the aforementioned “interaction 
effects”. 
 
The history of software development provides an interesting illustration of the need to 
employ systematic processes to help manage large scale systems. During the 1960s, 
the field of software development experienced a crisis. During that decade many 
projects were going over time and over budget. At various conferences in the late 
1960s, this crisis was addressed (Sommerville, 2004). It was hypothesised that the 
root of the crisis was the fact that software systems were moving from small relatively 
simple systems (often developed by one programmer) to large systems (typically 
developed by many programmers). It was speculated that these larger, more 
sophisticated systems had to be managed in a much more rigorous and systematic way 
than had been previously occurring. Many software houses then began to make 
recourse to the body of knowledge and practices already available in “Systems 
Engineering”, a branch of engineering devoted to the design, creation and 
management of systems (Chestnut, 1965 and Chestnut, 1967, NASA, 1995). This 
branch of engineering flowed out of the pivotal early work on systems theory by 
Bertalanffy (1950). The application of systems engineering to developing and 
maintaining software proved remarkably successful, and the new field of “Software 
Engineering” was born. Today, it is almost universally accepted that software 
engineering should be used for designing, implementing and maintaining large 
software systems (Bjorner, 2005; Pressman, 2000; Sommerville, 2004). 
 
Software development is not the only field where the use of systems engineering has 
become standard practice. Aerospace and aviation has routinely employed systems 
engineering for many years, and the very low failure rates within that field (especially 
given the size of the systems involved) testify to the effectiveness of the approach. In 
high capacity commercial air passenger travel in Australia, for example, the number 
of fatalities between 1995 and 2004 was 0 (Australian Transport Safety Bureau, 
2006). Systems engineering has also proved extremely useful in dealing with a host of 
other fields where both technical and human factors are important (Barre et al., 2005; 
Neueville, 1971; NASA, 1995). There are, however, some fields where the systems 
engineering approach appears remarkably under-utilised. Education is one such field. 
This is particularly so, given the increasing scale and complexity of modern learning 
systems, as discussed in the following paragraph. 
 
There are several emerging trends in education which serve to make learning systems 
more and more complex. The first of these trends is the increasing use of both 
sophisticated on-line facilities and face-to-face learning environments; this increases 
the number of system inputs. That is, the resource inputs to the system include not just 
the class/lecture notes and class/lecture/tutorial presentations (as in a traditional 
teaching scenario), they can also include such things as videos, quizzes, active on-line 
learning exercises, interactive discussion forums, chat sessions, structured on-line 
group-work activities, etc. The second trend in the move toward increased complexity 
is the increased use of large “fuzzy” open-ended problems for student learning 
(Alfred, 1977; Aspy et al., 1993; Martinez-Mones et al., 2005; Schaber, 2005; Stern 
and D’Amico, 2001). This fuzziness means that there are many “paths of learning” 
from beginning to end. The many paths present a strong challenge to testing and 
therefore to system “maintainability”. Not surprisingly there are some high profile 
examples of alleged failure among some of these systems (Healy, 2005). The third 
trend is the drive towards “integrated learning systems” (Beane, 1997). In such 
systems, the curriculum is (re)-designed to coherently link learning from traditionally 
different fields. These systems are typically devised and taught by a team comprised 
of people with different fields of expertise. This trend has some analogies with the 
progression of software development from one programmer (simple) systems to 
multiple programmer systems during the 1960s. This progression to team-driven 
systems (without commensurate attention to systems engineering concepts) was a key 
trigger which made software systems more vulnerable to failure. 
 
2. Current practice in the systems engineering approach 
It is pertinent to analyse current educational practice in the light of established 
practice in systems engineering for designing, implementing and maintaining systems. 
Before this can be done, however, it is necessary to summarise the key steps in the 
systems engineering approach. This is what is addressed within this section. The 
systems engineering description presented in this paper is based largely on the ideas 
presented in NASA's Systems Engineering Handbook (NASA, 1995). 
 
2.1. Goal identification stage 
The first steps in a new system development are the identification of a need and the 
subsequent setting of goals. These goals should be quantified as far as possible, and 
should cover the areas of effectiveness, cost, schedule and risk. 
 
2.2. Requirements analysis stage 
The goals are then analysed and resulting requirements are documented. The latter are 
descriptions of what needs to be done in order to achieve the goals. Requirements are 
typically determined through extensive consultation, client interviews, investigation 
of similar existing systems, the benefit of any previous experience in the area, and 
ideally, the use of modelling and computer-aided analytical tools. The requirements 
are formally documented and communicated to all invested parties. The likely 
cost/benefit trade-off for undertaking the project is also established. 
 
2.3. System design stage 
Alternative system designs are proposed and cost/benefit studies (also known as trade 
studies) are performed. Ideally, computer-aided mathematical modelling is used and 
one defines an “objective function” (such as a cost/benefit ratio) which can 
numerically characterise all the alternative designs. The design alternative which 
yields the most desirable objective function (or other relevant metric) is selected. 
 
Systems engineering-based designs often subscribe in practice to the “Doctrine of 
Successive Refinement”. That is, the designs are created in successively finer and 
finer detail (NASA, 1995). To manage the complexity associated with large systems, 
potential systems are broken down into practically coherent subsystems, which in turn 
are broken down into lower and lower level subsystems. The breaking down of the 
system into these hierarchical (or “fractal”) structures of subsystems is done so that 
the lowest level subsystems are “manageable”. Individuals or teams are assigned to 
the design of the various subsystems and project management strategies (and 
associated personnel) are put in place to deal with the design of the various 
subsystems and integration into an effective design for the overall system. Often, 
software is used to model the system relationships and to provide a way of managing 
the interactions. Ideally, the likely sensitivity of the outputs to changes in the various 
inputs is quantified. 
 
One of the key principles pertaining to systems is that the more complexity they 
contain, the more vulnerable they are in general to failure (Chestnut, 1965). For this 
reason, unnecessary complexity in the design is usually avoided. Because of the 
difficulty of getting sophisticated systems to perform under all possible variations of 
input, some “failsafe” measures are often incorporated into the system design. 
 
2.4. System development stage 
After the system design is complete the system must be developed. Development is 
done in a hierarchical fashion. Once the initial development is completed rigorous 
testing of all subsystems is performed and then testing of the integrated whole is done. 
That is, testing is done in a hierarchical fashion to match the way the system has been 
designed. Formal test strategies are devised and followed. These strategies should 
ideally include plans for independent testing of all parts of the system. That is, for all 
subsystems, there must be some testing which is organised and performed by 
personnel without vested interests. Note that it is important to test over a wide variety 
of possible inputs because systems can respond very differently as different input 
parameters are perturbed. 
 
2.5. System operation stage 
Systems may be rolled out (or implemented) in one “big bang” or in an evolutionary 
manner (Sommerville, 2004). The latter approach rolls out a simpler version of the 
eventual system, which is validated through usage in a real environment. After the 
initial simple system is properly validated, extensions of the system are added and 
tested. Evolutionary roll out is an often recommended practical way of rolling out 
systems. Once the system has been fully developed, it is tested to ensure that it meets 
the requirements documented in the Requirements Analysis stage. If any requirements 
have not been met then re-design/re-development occurs until the requirements are 
met. Some systems require more care than others. In “mission critical” systems, for 
example, failure is extremely costly and so extreme care must be taken. A bank 
accounts software system, say, would be a mission critical system; if the system 
controlling accounts within a bank were to fail irretrievably, then there would be 
financial havoc. In mission critical systems testing is carried out in an ongoing way to 
pre-empt any catastrophic failures that might occur. In practice, many large systems 
can only really be validated by testing over a long period of time. 
 
Rigorous quality assurance procedures are put into place so that system faults can be 
corrected. Careful ongoing testing needs to accompany the “correction process” 
because changing an input can affect the system in unexpected ways. 
 
3. Current practice in educational systems 
There is no uniform strategy for doing educational design and maintenance. However, 
there are some proposed models for reform in educational design which have some 
similar aspects to the systems engineering approach. David Kember's strategies 
involving designers working in action research teams are examples of these proposed 
reforms (Kember, 2001). There are many teachers and designers, however, who have 
not embraced these reforms. In a typical school/institute some aspects of learning 
design and management are done in a similar manner to standard practice in systems 
engineering. Some aspects, however, are done in a markedly different way. 
 
In 2000 Elmore noted that educational administrations had in general tended to take 
responsibility for setting the curriculum but tended not to have direct involvement in 
what was done in classrooms to elicit learning (Elmore, 2000). There are many 
different implications of this “restricted oversight”, as discussed below. 
 
(a) Quality assurance requires an iterative process of guaranteed monitoring and 
remediation. In practical learning systems there may be no consistent and reliable 
monitoring or remediation process. That is, there may be no monitoring of whether 
requirements (such as a suitable level of student satisfaction and student learning) are 
met. Furthermore, there may not be a universally implemented policy on remedial 
action when requirements are not met. Often learning requirements are not formally 
documented or analysed and there is no validation (independent or otherwise) that 
requirements have been met. Often course materials and practices are not checked 
independently, or checked against independently set standards. Even where it is 
established that courses or units are not working well, remedial action may not be 
taken. This can be due to issues such as union pressures, the value to the 
school/institute of an “offending” staff member's administrative and research (as 
opposed to teaching) skills, the “hassle” factor associated with trying to confront or 
even sack staff, and a possible lack of financial incentive for improving teaching 
quality. 
 
(b) New strategies may be introduced before substantial testing has taken place. In 
fact there is some degree of bias towards trying new (and unproven) systems because 
teaching innovation (not simply teaching quality) is often a key criteria used in 
promotion. While innovation is important, it is critical that potential innovations be 
carefully and independently scrutinised to ensure that good systems are not discarded. 
There are many cases where this is not done; the sole (or at least key) decision on 
what practices are adopted rest with the teacher. The innovation imperative (without 
proper scrutiny) also works against effective long-term testing. 
 
(c) There may be very little formal evaluation of alternatives in course or unit design, 
and little recourse may be made to computer modelling tools or objective evidence to 
assist the design and management process. 
 
(d) There may be no “failsafe” options built into the learning design. There are a 
number of ways to implement failsafe or “quasi-failsafe” options in education, but 
often these options are not pursued. One option would be to use a simple and well-
proven teaching method for the essential (basic) learning. A more ambitious learning 
approach could be used for more advanced learning. If the ambitious learning 
approach fails, the students will still have learned the “basics”. Remedial action can 
then be taken to improve the more advanced learning for the following year. 
 
(e) The issue of “maintainability” (or robustness) may be given relatively little 
consideration in learning design and testing. That is, there may not be enough 
consideration given to how the system will perform if system inputs change (say a 
staff member leaves and is replaced). This issue could be addressed by specifically 
testing to assess how learning system outcomes change as system inputs change. 
Some possible inputs and outputs for educational systems are given in Table 1. 
Computer modelling is rarely used to model system performance as a function of 
inputs.  
 
 Table 1.  
Typical inputs and outputs in higher education learning systems 
 
Typical inputs in higher education learning systems  
 
Typical outputs in higher 
education learning 
systems  
 
Student-dependent 
inputs  
Non-student dependent 
inputs  
Outputs 
 
Student capabilities  
 
The resources made 
available to students  
Depth of student learning 
Student enthusiasm  
 
The way that resources are 
made available to students  
Assessment results 
Student family and socio-
economic background  
 
The degree to which 
plagiarism is a practical 
option for students  
Extent to which students 
acquire the ability to learn 
for themselves 
Student expectations  
 
The extent to which 
students are required to 
discover things for 
themselves  
Level of interaction among 
students, and between 
student and teacher 
Student fear of failure  
 
The level of integration 
and co-ordination of the 
subject matter in the 
curriculum  
Level of teacher 
satisfaction 
Student ambient stress 
level  
 
Teacher capability  Level of student 
satisfaction 
Student–teacher 
relationship  
 
Teacher enthusiasm  Level of success in 
developing generic 
capabilities in students 
 Extent to which teacher is 
held accountable  
 
Degree to which individual 
differences have been 
successfully 
accommodated 
 Teacher workload  
 
Student feedback 
 Teacher ambient stress 
level   
 
 
 Reliability of access to 
unit resources   
 
 
 School/university policies  
  
 
 
 Union policies   
  
 
 The degree of balance in 
the workload across all 
subject units   
 
 
 
(f) The issue of cost-effectiveness (or efficiency) may be given relatively little 
consideration in learning design and testing. A system is maximally efficient if, given 
the available resources, the quality is maximised. That is, efficiency is a measure of 
the quality to resource usage ratio. 
 
4. Using the systems engineering approach for education 
As learning systems scale up, experience gained from other fields tells us that they are 
likely to become more vulnerable to failure. It is therefore important that strategies be 
put into place to avoid failure. Ideally, a full systems engineering methodology should 
be used. Case study 1 below describes a substantial educational initiative which, 
although it does not use a full systems engineering methodology, uses many systems 
concepts to achieve its outcomes. 
 
4.1. Case study 1 
The children's literacy success strategy (CLaSS) project, which commenced in 1998, 
was a joint initiative of the Catholic Education Commission of Victoria and the 
Centre for Applied Educational Research at the University of Melbourne. It sought to 
deal with the significant goal of improving literacy outcomes in the early years of 
schooling for all Catholic schools in the state of Victoria, Australia. A description of 
the CLaSS project design and its outcomes is provided below. 
 
1. Goal identification stage: The need for action on literacy was flagged in Australia 
in a key report in 1993 (House of Representatives Standing Committee on 
Employment, 1993). This report suggested that there was a need for literacy 
intervention for approximately 20% of all students. A national goal was then agreed 
upon by all states and territories within Australia. This goal was “that all students 
commencing school from 1998 will achieve a minimum acceptable literacy (and 
numeracy) standard within four years” (Crevola and Hill, 2005). 
 
2. Requirements analysis stage: The initiators of CLaSS established a number of 
requirements. They rejected failure as an option and asserted that all students could 
achieve high standards of literacy, given enough time and support (Crevola and Hill, 
2005). At the highest level their requirement was a large-scale reform within the 
Catholic schools in the state of Victoria which would enable all students to achieve 
the necessary high levels of literacy. Several lower level goals and requirements were 
also set (Crevola and Hill, 2005). The invested parties analysed the implications of the 
needed reforms and committed to the anticipated costs (both cash and in kind). Part of 
the funding for the project came from an Australian Government Grant (Crevola and 
Hill, 2005). 
 
3. System design stage: Evidence-based educational research results were used in the 
system design stage to discriminate among plausible design alternatives. Because of 
the impressive results obtained from a previously conducted Early Literacy Research 
Project (run jointly the Centre for Applied Educational Research at the University of 
Melbourne and the Victorian Department of Education), a number of the initiatives 
developed within that project were selected for the CLaSS project design. These 
initiatives included a daily two hour uninterrupted literacy block; set standards and 
targets; one-to-one intervention where necessary; leadership training for school 
principals and school co-ordinators; weekly learning team meetings for the teachers in 
Preparatory Year to Year 2; on-going monitoring/remediation; and 
home/school/community links. Other initiatives within CLaSS included the formation 
of design/implementation teams involving researchers as well as teachers and school 
support personnel. 
 
4. System development stage: Involvement of schools in CLaSS was voluntary. In 
1997, the initial group of participating schools (39 in total) was finalised. Training 
began in late 1997, in readiness for commencement in 1998. In late 1997, weekly 
training sessions were conducted for the “CLaSS facilitators” within schools. Prior to 
system implementation pre-testing was also conducted (so that the prior literacy 
standards of CLaSS and non-CLaSS schools could be known). 
 
5. System operation stage: CLaSS was implemented in an evolutionary manner. It was 
implemented on a relatively small group of schools initially, and then implemented on 
a progressively larger number of schools as time went on. By 2003, there were 295 
schools in the programme. The increased uptake was partly due to the very successful 
early outcomes produced in the CLaSS project. Teaching within CLaSS was “data-
driven”. That is, assessment was used to regularly monitor the progress of students 
and to identify “at-risk” students. Remedial help was then systematically used for 
these students. Students were also tested at the start and end of each year with 
processes that were determined by the Centre for Applied Educational Research and 
the Catholic Education Commission of Victoria. 
 
6. Results for the CLaSS project: The literacy levels within the Catholic Schools in 
Victoria increased dramatically during the running of the first 6 years of the CLaSS 
project. In 1998, only 68.1% of students met the minimum literacy standard, while in 
2003, 85.1% met the minimum standard. In each year in the 1998–2003 period CLaSS 
schools outperformed non-CLaSS schools, with CLaSS schools experiencing a 
significant improvement in the first 2 years of joining the programme. The analysis in 
Crevola and Hill (2005) also indicated that the longer a particular school was in 
CLaSS, the more the improvement tended to be. That is, the impact was cumulative, 
and sustained commitment to improvement resulted in accrued benefits. 
 
The CLaSS initiative was an ambitious attempt to perform a difficult task—namely, 
to ensure that all students in Catholic schools in Victoria achieved a minimum literacy 
standard. Because of the enormity of the task, the initiators of CLaSS believed that 
they needed to use a highly systematic approach to solving the problem. CLaSS was 
characterised by many of the key elements of systems engineering methodology. 
Specifically, it had: (i) goals and requirements; (ii) thorough and ongoing monitoring; 
(iii) testing according to objective criteria; (iv) systematic control and remediation 
strategies flowing out of the testing; (v) the use of teams consisting of researchers, 
school principals, classroom teachers and school support staff; (vi) a systematic well-
structured development and implementation plan; (vii) a phased and carefully 
monitored roll out; and (viii) and the use of well tested and proven design 
components. The data flowing out CLaSS showed the project to be highly successful. 
Although it did not achieve its ultimate goal of getting all students to achieve a 
minimum literacy standard it did substantially increase the number of students doing 
so. The initiators of CLaSS stated that they believed the factors which contributed 
most to the project's success were: (i) sustained commitment to a systemic, objective 
(evidence-based) strategy for improving literacy; (ii) an intelligent systemic change 
(implementation) strategy; (iii) the use of proven and consistent design components 
that had already been tested and which did not change over time; and (iv) a phased 
roll out allowing time for the new system to be tested and stabilised. The above 
factors are all important elements of systems engineering methodology. 
 
The success evident in this case study lends support to the contention that the use of 
systems concepts can improve outcomes in education. It is important to stress, though, 
that this case study involved an organisation which was prepared to invest heavily in 
the systems approach. In many practical educational environments it may not be 
possible to get such commitment (at least in the short term). It is of interest to know 
whether use of systems concepts can yield useful improvements in practice when 
there is not a full and formalised institutional support for them. The author would 
argue that some steps can be taken (based on systems engineering concepts) to 
improve outcomes even without a full commitment from an institution or 
organisation. Some of these steps are given below. 
 
4.2. Recommended strategies for creating learning systems without fully formalised 
institutional support 
 
1. Much literature has indicated the pedagogical flaws in a traditional lecture style 
approach; that is in an approach where a teacher presents solely in “delivery mode” 
(Hake, 1998). This mode of delivery is also flawed, however, from a systems 
perspective. It is not cost-effective for vast numbers of teachers to “deliver” very 
similar material every year at many different points around the globe with little 
collaboration. It is also a highly non-robust mode of teaching because presentations 
cannot be checked for quality. From the perspectives of both cost-effectiveness and 
robustness (quite apart from pedagogy), “delivery modes” should be systematically 
eliminated as the sole mode of teaching. This is a particularly relevant imperative for 
higher education, where traditional lecturing is still common. If delivery modes are 
retained there should be alternative “failsafe” learning mode alternatives for students. 
These alternatives could be, for example, streams of well tested, modularised on-line 
presentations and problem sets embedded in a well designed feedback-rich learning 
fabric. There should be some relationship building activities because collaborative 
relationships have been shown to improve learning (Hake, 1998). 
 
2. Educational modes should be introduced which are cost-effective (that is, have high 
efficiency) and which are amenable to thorough checking. To ensure this efficiency it 
is proposed that collaborative teams be assembled which are comprised of teachers 
with good teaching skills. It is important from a cost-effectiveness perspective that 
teachers with good teaching skills be used because they can often achieve good results 
in much shorter time-frames than can be achieved on average. The issue of 
determining the effectiveness of teaching is an important question. Various test 
instruments have been devised. In Australia, for example, course evaluation 
questionnaires (which are given to graduates) have flowed out of a substantial period 
of research into how to determine such things as “goodness of teaching” (Hand, 
1998). Once the team is assembled it will hopefully provide some efficiency-
enhancing synergies. The team may well be from multiple different schools/institutes 
and resources can be shared. This sharing greatly enhances the quality and efficiency. 
To ensure robustness it is proposed that learning materials be created by the team and 
that these materials then be thoroughly checked. The teams can prepare high quality 
multi-media teaching resources which contain videos, hard-copy notes, 
problems/projects, and activity sets all woven into an active learning sequence for 
each unit under development. All of the units developed should be checked for quality 
by peers and students. This kind of approach is clearly well suited to teams rather than 
individuals; it is inevitable that teams will be required to achieve heightened 
outcomes. 
 
3. Testing procedures should be designed to incorporate independent testing for all 
units, or at least testing against independently developed standards. This is feasible if 
a collaborative team is being used, with different individuals/groups being responsible 
for different units. Additionally, testing should be done in an ongoing (long-term) 
fashion and there should ideally be checking for system robustness. That is, whenever 
there are clearly identifiable changes of inputs (such as a change of co-ordinating 
staff) the outcomes need to be carefully assessed. If possible, testing should evaluate 
the benefit to effort ratio using suitable metrics. (The latter may well need to be 
customised to the needs at hand.) 
 
4. One should make heavy use of facilitators/tutors for students. These facilitators 
help to provide guidance, face to face explanations and question answering that 
students need for learning successfully in the unit/course. They also help to facilitate 
collaborative learning, which has been shown to increase student learning (Hake, 
1998). Facilitators should only be employed for this important teaching and mentoring 
role if they have demonstrated good prior teaching skills (in say, simpler teaching 
tasks). Furthermore, the effectiveness of the facilitators should be carefully 
monitored. They should not be re-employed unless they do a good job. Facilitator 
feedback can be used in addition to student feedback to assess whether or not the pre-
prepared support resources are adequate. If they are not, remedial action should be 
taken. 
 
5. A new mentality needs to be adopted, one that appreciates the risks associated with 
scale and complexity. Accordingly, one should avoid complexity unless it is 
necessary. If it is necessary to achieve heightened outcomes, one should make sure 
that appropriate control strategies are in place. 
 
The author would argue that if one follows the strategic steps outlined above the 
likelihood of success is greatly enhanced. Below a supporting case study is 
considered, which, unlike Case Study 1, was accomplished without the commitment 
of any institution or organisation initially. 
 
4.3. Case study 2 
The Alpha Course (Alpha International, 2005) has used the strategies listed in 1–5 
above. The originators of the Alpha course designed their course initially without 
significant oversight from any institute or organisation. 
 
The course was first conducted by a very small team and was given to a small group 
of people in the city of London. The original goal was to “give people an opportunity 
to explore the meaning of life”. Like the CLaSS initiative, the Alpha course 
experienced substantial early success which enabled the roll out to gain momentum. 
The rapidly growing demand for the course was in large part the impetus for 
developing efficient and robust ways of providing the course. Efficiency was critical 
because the organisers wanted the course to be provided free (as far as possible). 
Robustness was essential because the course needed to be run in many different 
places by many different people. Video and hardcopy resources were created which 
could be used for courses in almost any location. These resources were thoroughly 
tested by the team and by the many people who subsequently used them. The team 
members were chosen on the basis of demonstrated prior success, as judged by 
participant feedback. The resources were relatively inexpensive to copy and 
distribute—no specialised facilities were required, apart from a video player and 
television. Because of the somewhat impersonal nature of videos and hard-copy 
materials, some mechanism needed to be designed into the course to ensure that that 
there was effective interaction, and therefore effective learning (Hake, 1998). A 
shared meal at the beginning of each of the course sessions was designed to be an 
integral part of the course; this helped participants to feel comfortable with the 
facilitators and with one another. Regular interactive discussion groups were also part 
of the course design. 
 
The Alpha Course structure was designed to be very simple, partly because there was 
no formal organisation to oversee it. This was in line with the principle of keeping 
systems simple unless one can guarantee reliable and effective control strategies for 
the course maintenance. Key features of the Alpha Course are listed in the five points 
below. 
 
1. The course does not follow a traditional delivery model where learners simply 
listen passively to a lecturer. It has a very strong relationship component, initiated by 
a shared meal which occurs before each session formally commences. Following the 
meal, either a live presentation or a high quality pre-prepared video is used to initiate 
discussion and questions. The interactive discussion takes place in small groups with 
facilitators. Coffee is often available in the small groups to nurture the relationship 
aspect of the learning. This pedagogy is very simple but has been found to be highly 
effective; the course has so far had an estimated 7 million participants, according to 
the official Alpha Course web-site (Alpha International, 2005). The course is entirely 
voluntary, and so these 7 million people constitute individuals who have “voted with 
their feet”. 
 
2. The course has a high quality to cost ratio because resources (videos, books, notes, 
planned activities) are all shared across a very large number of participants. This 
sharing has in fact occurred across hundreds of thousands of courses in 152 different 
countries. Resources have been scrutinised by a large number of peers and students 
over a long period of time (about 15 years). 
 
3. Testing has been very extensive in the Alpha Course because of the intense scrutiny 
arising from its success. The course has been tested over a period of 15 years in 152 
different countries with hundreds of thousands of different course-coordinators and 
millions of different students. Its robustness has therefore been effectively validated. 
It has attracted the attention of, and been positively reviewed by many high profile 
media groups (Alpha International, 2005). Reviews have been provided by: (i) The 
Guardian, (ii) The Daily Telegraph, (iii) The New York Times, (iv) The Times, (v) 
The Express (UK), (vi) The Economist, (vii) Time Magazine, (viii) Newsweek, (ix) 
The Independent on Sunday, (x) The Evening Standard, and others. Resources for the 
course are periodically updated to improve quality. 
 
4. The course makes heavy use of facilitators. All small groups have facilitators who 
direct interactive discussion and activities. They also provide a link between the 
course coordinator and the participants. The Alpha course has been running since 
1990 and has had participants in 152 different countries. That is, it has run in the 
midst of many different cultures. It has run with minimal resources, often being 
offered free of charge. 
 
5. The Alpha course adopts a mentality of using a simple structure and well tested 
design components. It avoids unnecessary complexity in its structure and has been 
able to implemented on a very large scale. 
 
The Alpha course involves education in a non-traditional setting. Many of the features 
of the Alpha course, though, could be incorporated into conventional teaching 
environments. These features include: (i) the formation of teams of teachers with well 
proven track records of positive student feedback; (ii) the assembly of resources by 
these teams; (iii) the open sharing of these resources; (iv) the ongoing testing and 
scrutiny of these resources; (v) the use of simple learning designs involving 
collaborative learning; (vi) the heavy use of facilitators/tutors (possibly peer tutors). 
Some aspects of Alpha, however, might be more difficult (but not impossible) to 
replicate. The use of a shared meal in Alpha helps to build relationships; other 
effective ways might be found in more traditional settings. Similarly, the absence of 
an over-arching institute controlling Alpha brought some advantages—there was little 
in the way of restrictive existing institutional policies. In cases where these latter 
things do exist, more negotiation may be required. 
 
The use of systems-based principles in both Case Study 1 and Case Study 2 have 
resulted in pleasing educational outcomes. Neither case study, however, has used the 
full potential of systems engineering. Neither, for example, made extensive use of 
computer assisted modelling. The author would argue that this is a very fertile area for 
further investigation. Important elements of such a further investigation would be (i) 
consideration of ways of identifying important system inputs and outputs; (ii) 
development of suitable ways to measure the inputs and outputs; (iii) selection of 
modelling techniques to numerically link the relationships between inputs and 
outputs; and (iv) ways for the modelled system to automatically learn. Some of the 
work done in other fields (particularly from the International Institute for Applied 
Systems Analysis) could be useful in this regard (Granat and Makowski, 2000) 
(Wierzbicki et al., 2000). 
 
5. Conclusions 
It has been argued that modern educational learning systems can benefit from the 
application of systems engineering concepts. A review of systems engineering 
concepts has been provided, as have suggestions on principles for beginning to apply 
systems engineering to education. Two successful case studies which employ the 
concepts outlined in this paper have been provided. Suggestions for further 
investigations have also been provided.  
  
 
References 
Alfred, 1977 M. Alfred, A requirements engineering methodology for real-time 
processing environments, IEEE Transactions on Software Engineering 3 (1977) (1), 
pp. 60–69. 
 
Alpha International, 2005 Alpha International, 2005. The Alpha Course. Retrieved 
31st August, 2005, from http://alphacourse.org/. 
 
Aspy et al., 1993 D.N. Aspy, C.B. Aspy and P.M. Quinby, What doctors can teach 
teachers about problem-based learning, Educational Leadership 50 (1993) (7), pp. 22–
24. 
 
Australian Transport Safety Bureau, 2006 Australian Transport Safety Bureau. 2006. 
Failure rates for Air based Regular Public Transport (RPT). Retrieved 20th April 
2006, from http://www.atsb.gov.au/aviation/statistics/statistics.aspx. 
 
Barre et al., 2005 P.-J. Barre, J.-Y. Dieulot, R. Bearee and A. Bouzidi, A heuristic 
path-planning method for enhancing machine-tool contour-following, Journal of 
System Science and System Engineering 14 (2005) (1), pp. 85–96. Abstract-INSPEC    
 
Beane, 1997 J. Beane, Curriculum Integration: Designing The Core of Democratic 
Education, New York, Teachers College Press (1997). 
 
Bertalanffy, 1950 L. Bertalanffy, An outline of general systems theory, British 
Journal for the Philosophy of Science 1 (1950), pp. 139–164. 
 
Bjorner, 2005 D. Bjorner, Software Engineering, Springer, Berlin (2005). 
 
Crevola and Hill, 2005 Crevola, C., Hill P., 2005. The Children's Literacy Success 
Strategy (CLaSS), A Research report on the first six years of a large-scale reform 
initiative, Retrived 20th April, 2006 from 
http://www.cecv.melb.catholic.edu.au/publications/literacy/6yearson.pdf. 
 
Chestnut, 1965 H. Chestnut, Systems Engineering Tools, New York, Wiley (1965). 
 
Chestnut, 1967 H. Chestnut, Systems Engineering Methods, Wiley, New York (1967). 
 
Elmore, 2000 R. Elmore, Building A New Structure for School Leadership, The 
Albert Shanker Institute (2000). 
 
Granat and Makowski, 2000 G. Granat and M. Makowski, Interactive specification 
and analysis of aspiration based preferences, European Journal of Operational 
Research 122 (2000) (2), pp. 469–485. 
 
Hake, 1998 R. Hake, Interactive engagement versus traditional methods: a six-
thousand student survey of mechanics test data for introductory physics courses, 
American Journal of Physics 66 (1998) (1), pp. 64–74. Abstract-INSPEC    
 
Hand, 1998 Hand, T., Trembath, K., Elsworthy, P., 1998. Enhancing and customising 
the analysis of the Course Evaluation Questionnaire. Retrieved on the 21 April 2006 
from http://www.dest.gov.au/archive/highered/eippubs/eip98-17/eip98-17.pdf. 
 
Healy, 2005 Healy, G., 2005. UQ Stoush with AMA Hots Up, Campus Review, 7 
April 2005. 
 
House of Representatives Standing Committee on Employment, 1993 House of 
Representatives Standing Committee on Employment, The Literacy Challenge: A 
Report on Strategies for Early Intervention for Literacy and Learning for Australian 
Children, Australian Government Printing services, ACT, Canberra (1993). 
 
Kember, 2001 In: D. Kember, Editor, Reflective Teaching and Learning in the Health 
Professions, Oxford, Blackwell Science (2001). 
 
Martinez-Mones et al., 2005 A. Martinez-Mones, E. Gomez-Sanchez, Y.A. 
Dimitriadis, I.M. Jorrin-Abellan, B. Rubia-Avi and G. Vega-Gorgojo, Multiple case 
studies to enhance project-based learning in a computer architecture course, IEEE 
Transactions on Education 48 (2005) (3), pp. 482–489. Abstract-INSPEC   | Full Text 
via CrossRef 
 
NASA, 1995 NASA, 1995. Systems Engineering Handbook, 
http://ocw.mit.edu/NR/rdonlyres/Aeronautics-and-Astronautics/16-892JFall-
2004/9722DD5E-CDBB-4B0F-8F5E-791CFF5FD359/0/nasasysenghbook.pdf. 
 
Neueville, 1971 R.D. Neueville, Systems analysis of large scale public facilities: New 
York City's water supply network as a case study, Journal of Systems Engineering 2 
(1971) (1). 
 
Pressman, 2000 R.S. Pressman, Software Engineering: A Practitioner's Approach 
(fifth ed), London, McGraw-Hill (2000). 
 
Schaber, 2005 P. Schaber, Incorporating problem-based learning and video 
technology in teaching group process in an occupational therapy curriculum, Journal 
of Allied Health 34 (2005) (2), pp. 110–117. 
 
Sommerville, 2004 I. Sommerville, Software Engineering (seventh ed), Boston, 
Pearson Education (2004). 
 
Stern and D’Amico, 2001 P. Stern and F. D’Amico, Problem effectiveness in an 
occupational therapy problem-based learning course, American Journal Occupational 
Therapy 55 (2001), pp. 455–462. Abstract-MEDLINE    
 
Wierzbicki et al., 2000 In: A. Wierzbicki, M. Makowski and J. Wessels, Editors, 
Model-Based Decision Support Methodology with Environmental Applications, 
Dordrecht, Kluwer Academic Publishers (2000).  
  
 
 
 
